The synthesis of aluminophosphates is investigated using a number of triptycene-based organic structure-directing agents (OSDA). These OSDAs are designed to synthesize extra-large pore and/or large cavity-containing molecular sieves. Starting from the hydrophobic triptycene molecule, OSDAs are prepared by introducing three amine-based centers that can be charged either by protonation in the acidic aluminophosphate reaction media or through quaternization. VPI-5 is synthesized using these tripytycene OSDAs, and the OSDAs are occluded inside the pores. This synthesis marks the first time VPI-5 has been made as a single phase with an OSDA occluded inside the framework of the as-made material that is not removed by simple washing with water or other solvents. Additionally, several other aluminophosphates with unknown structures are synthesized using these new OSDAs.
SDA's with this space group have previously synthesized multi-dimensional large pore molecular sieves [9] . We hypothesized that the rigid ring system of triptycene would limit distortion of the OSDA in the molecular sieve synthesis. These OSDAs were used to make a known extra-large pore aluminophosphate (VPI-5), as well as three aluminophosphates products with unknown structure.
2.Experimental

Synthesis of organic structure-directing agents
Unless stated otherwise, reactions were conducted in flame-dried glassware under an atmosphere of argon. All reagents were purchased from commercial sources and used as received.
Compounds 1 and 5 were synthesized by adapting known procedures [10, 11] . Liquid NMR spectra were recorded on Varian Mercury spectrometers. High-resolution mass spectra were obtained from the California Institute of Technology mass spectrometry facility.
2,6,14-Triaminotriptycene 1. A 500 mL flask was charged with triptycene (7.50 grams, 29.50 mmols) and concentrated nitric acid (220 mL, 68.0-70.0 % by weight). The flask was fitted with a reflux condenser and heated to 80 °C for 2 hours. Reaction was cooled to 25 °C and poured into D. I. water (1300 mL). The resulting mixture was stirred for 10 minutes and then filtered and the resulting solids are collected. Solids were dissolved in CH 2 Cl 2 (250 mL) and dry loaded onto silica gel (150 mL) using a rotary evaporator. The crude product was then purified by column chromatography on silica gel (eluent: 27% ethyl acetate: 73% Hexanes then 50% ethyl acetate: 50% Hexanes) to give 2,6,14-trinitrotriptycene (6.70 grams, 58-65% yield) as a yellow solid and 2,7,14-trinitrotriptycene( 3.20 grams, 20-27% yield) as a yellow solid. 2,6,14-trinitrotriptycene. 2,6,14-N-methyltriaminotriptycene 2. A 250 mL flask is charged with 2,6,14-triaminotriptycene 1 (3.00 grams, 10.02 mmol), THF (100 mL, dried over molecular sieves), and anhydrous pyridine (16 mL).
Reaction was cooled to 0 °C and ethyl chloroformate (7.20 mL, 75.16 mmols). Reaction was allowed to gradually warm to 25 °C and stirred for an additional hour. The reaction mixture was evaporated under reduced pressure and dry loaded onto silica gel. The crude product was purified by column M A N U S C R I P T A C C E P T E D 
Synthesis of AlPO 4 molecular sieves
All reactions were performed in 23 mL Teflon-lined stainless steel autoclaves (Parr instruments).
Reactions were tumbled at approximately 40 rpm using spits built into convection ovens. Phosphorus M A N U S C R I P T OSDA was then added and stirred for an additional 2 hours. The autoclave was then capped and put into either the 140 or 160 °C oven. The reactors were opened every 24-48 h to assess reaction progress.
A C C E P T E D ACCEPTED MANUSCRIPT
After homogenizing, a small sample was successfully washed with D.I. H 2 O (2 x 10 mL) and acetone: methanol (1:1, 3 x 10 mL) and the XRD pattern was inspected. All reactions were monitored for at least 1 week. Synthesis of AlPO-H3 was reproduced from a previously reported procedure [13] .
Characterization
Powder X-ray diffraction (XRD) patterns were collected using a Rigaku Miniflex II diffractometer and Cu K α-radiation. 13 are not corrected for second order quadrupolar effects. 13 C NMR spectra were measured using crosspolarization with a 1 H-90° pulse. 
Results and Discussion
Overview of aluminophosphate syntheses
Results of the aluminophosphate screening reactions are presented in Tables 1 and 2 80 H 2 O @ 140 °C. The XRD pattern of this product can be seen in Fig. 2[15] . To our surprise, the VPI-5 product was very stable in the synthesis medium at the synthesis conditions, and was observed after 1 week at 140 °C with no other byproducts present (unlike other syntheses of VPI-5 that lead to its degradation in the synthesis mixture).
Thermogravimetric analysis and solid-state 13 C MAS NMR were performed on the sample of VPI-5 to observe whether or not the organic was occluded and intact. Thermogravimetric analysis of the as-made VPI-5 showed an endothermic mass loss below 200 °C of 13.3% that is attributed to the loss of occluded water and an exothermic mass loss above 260 °C of 9.9% that is attributed to occluded organic material. From these TGA data and previous reports of the void space of VPI-5 [15] , it appears that all of the organic loss and a majority (~87%) of the water loss could be from OSDA and M A N U S C R I P T
A C C E P T E D ACCEPTED MANUSCRIPT
9 water, respectively, residing in the pores of VPI-5. The OSDA must reside in the one-dimensional extralarge pores and there is sufficient volume in VPI-5 to accommodate the amount of the organic measured by TGA. In previous syntheses of VPI-5 with an OSDA, the structure directing agent was not tightly held within the framework and was not observed in the as-made material after collection and washing.
Comparing the 13 C MAS NMR of the VPI-5 sample to the OSDA alone (Fig. 3) indicates that the organic is intact inside the aluminophosphate. The peak broadening of the 13 C resonances in the VPI-5 spectra indicate a lack of OSDA mobility, and suggest that it is tightly held within the pore system of the framework [16] . The 13 C NMR data alone are not sufficient to determine whether or not all or a portion of the amine residing in the VPI-5 are protonated.
27
Al and
P MAS NMR (Figs. 4 and 5) of the VPI-5 with the organic occluded matched closely to
the reported data for this material [17] . 27 Al MAS NMR has two peaks, one for aluminum in a tetrahedral coordination environment (~40 ppm) and one for an octahedral coordination environment (~-28 ppm).
31
P MAS NMR shows 3 distinct chemical environments that is reported for highly crystalline VPI-5 [17] .
Additionally, a small broad peak is observed at -16.6 ppm, and this resonance is likely from P-O -groups (in an amount well below the amount of the occluded organic). The area of this peak is about 13% of the total phosphorus spectrum. A similar peak, although of much smaller area, is observed in the synthesis of VPI-5 that does not contain occluded organic [18] .
This synthesis marks the first time VPI-5 has been made as a single phase with an OSDA occluded inside the framework of the as-made material that is not removed by simple washing with water or other solvents. The presence of the OSDA within the pores of the VPI-5 maybe a reason why it is so stable in the synthesis mixture. C MAS NMR spectra of these phases is difficult to conclusively interpret. It appears that the N-CH 3 peaks have shifted downfield from ~35 ppm to ~55 ppm. This shift could be from protonation of the nitrogen atoms. The sharpness of the methyl peak in Fig. 10 is interesting and attributed to the monomethyl SDA 2 not fitting tightly into the inorganic framework and thus allowing for bond rotation [16] . (Fig. 11) . Although the 27 Al NMR spectrum seems to match reasonably well with AlPO 4 -H3 (Fig. 13) , the proportion of octahedral aluminum in our sample is much smaller than that of the reported AlPO 4 -H3 spectra. The 31 P NMR spectrum (Fig. 12 ) has two resonances (-24.2 and -26.6 ppm). In our as-made sample of AlPO 4 -H3 these signals are in close to a 1 to 1 ratio and a third peak is observed at -29.4 ppm (Fig.14) , in the case of the unknown it appears that the signal at -26.6 ppm is at least twice the size of the peak at -24.2 ppm. In AlPO 4 -H3 the 2 phosphorus signals are differentiated by their outer coordination environment, the phosphorus atoms at ~-24ppm
are connected to more octahedrally coordinated aluminum atoms, while the phosphorus atoms at ~-26 ppm are attached to more tetrahedrally coordinated aluminum atoms [20] . In the unknown, there is less octahedral aluminum than in AlPO 4 -H3 and a larger proportion of the phosphorus at -26 ppm. We do not observe a signal for P-O -in this unknown. Further work is required to fully identify this unknown phase. (Fig. 14) . The peak at -24 ppm is associated with phosphorus atoms in the 6 3 sheet and is bonded to more octahedral aluminum atoms. The peak at -26 ppm is associated with phosphorus atoms in the 4.8 2 sheet and is bonded to more tetrahedral aluminum atom [20] . The 3.4. Aluminophosphate synthesis using the structural isomer 2,7,14-triaminotriptycene 5
We explored the use of the closely related structural isomer 2,7,14-triaminotriptycene 5 in the synthesis of aluminophosphates ( (Fig. 18 ). This new unknown phase was stable to copious washings at room temperature with a variety of solvents and for extended drying periods at 100 °C (10-14 hours).
Unfortunately, it was unstable to calcination to 540 °C in air and washings at 100 °C with dimethylformamide, ethanol, or methanol.
Thermogravimetric analysis and 
Conclusions
The structure-directing effects of triptycene derivatives containing three amines provided a new way to synthesize VPI-5. The VPI-5 synthesis yielded a product that for the first time has OSDA occluded inside its pores that was not removed via washings with water and other solvents. The occluded organic made the VPI-5 product extremely stable to the synthesis conditions. Subtle changes in the structure of the triptycene-based OSDA lead to the synthesis of several unknown products.
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